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[57] ABSTRACT

Device for determining the Wobbe index of a first gas
mixture, including a Wobbe index meter having a mixing
chamber, and a feed system for supplying a first gas mixture
and an oxidation gas to the mixing chamber of the Wobbe
index meter. The feed system includes structure for supply-
ing the first gas mixture to the mixing chamber via a first
number of openings, structure for supplying an oxidation
gas to the mixing chamber via a second number of openings,
structure for keeping a constant ratio between the a quantity
of first gas mixture and the a quantity of oxidation gas
supplied to the mixing chamber, structure for burning the
second gas mixture formed in the mixing chamber and
structure for determining the oxygen content of the com-
bustion gas obtained after combustion. In accordance with
the invention, the ratio of the diameters of the openings for
the supply of the first gas mixture and the oxidation gas to
the mixing chamber is chosen such that the Reynolds
numbers of the flows of the first gas mixture and the
oxidation gas through the openings are equal, and such that
the number of openings 1s determined by the desired ratio of
the flow rates of the first gas mixture and the oxidation gas.

4 Claims, 1 Drawing Sheet
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DEVICE FOR DETERMINING THE WOBBE
INDEX OF A GAS MIXTURE

The invention relates to a device for determining the
Wobbe index of a first gas mixture, comprising a mixing
chamber, means for supplying the gas mixture to the mixing
chamber via a first number of openings, means for supplying
an oxidation gas to the mixing chamber via a second number
of openings, means for keeping a constant ratio between the
quantity of first gas mixture and the quantity of oxidation gas
supplied to the mixing chamber, means for burning the
second gas mixture formed in the mixing chamber, and
means for determining the oxygen content of the flue gas
obtained after combustion.

For the determination of the Wobbe index of gas mix-

tures various types of devices are known. A number of them

are described in Dutch patent applications 8802336,
8901660 and 9000449.

With these known devices, the first gas mixturé of which
the Wobbe index must be determined is mixed with an
oxidation gas such as air. This mixing takes place in a
mixing chamber which is connected on the one hand to a
supply of the first gas mixture and on the other hand to a
supply of an oxidation gas such as air. It is attempted to
obtain and maintain a constant ratio between the quantities
of supplied first gas mixture and oxidation gas. The obtained
second gas mixture 1s conveyed from the mixing chamber to
a combustion chamber where it 1s burned. The oxygen
content of the combustion gas obtained in this way is
determined. Use is made of a so-called lambda probe for the
determination of the oxygen content of the flue gas. In
general, this will be done using excess air.

For the determination of the Wobbe index then various
methods can be used. A first method involves keeping the
measured value of the oxygen content constant. The signal
from the lambda probe is then used to regulate the supply of
either the first gas mixture or of the oxidation gas, so that the
resulting oxygen content remains constant. The Wobbe
index can then be determined through the set values of either
the flow rate of the first gas mixture or the flow rate of the
oxidation gas. This method ensures that the lambda probe is
always used in the same operating range so that, when
provisions are present for keeping the temperature constant,
the characteristic and particularly the ageing and conse-
quently the change in the characteristic of the lambda probe
have no influence on the measured value of the Wobbe
index. With other methods, the oxygen content measured by
- the lambda probe is directly converted into a Wobbe index
value.

If the second method is used, it is important to ensure a
constant ratio between the quantity of supplied first gas
mixture and the quantity of supplied oxidation gas. For that
purpose, a suitable arrangement will generally be present for
matching the pressure of the first gas mixture in the feed line
to the mixing chamber and the pressure of the oxidation gas
in the feed line to the mixing chamber. As a rule an effort will
be made to work with equal pressures in the two feed lines
since this is technically the simplest solution, but it is of
course possible to work with constant pressure ratios. Fur-
thermore it is important to make the temperature of the first
gas mixture and the air equal in order to maintain a constant
gas-air ratio.

In practice it is found that the quantity of oxidation gas
to be supplied to the mixing chamber must be considerably
larger than the quantity of first gas mixture. In the case of
natural gas, for example, the quantity of air must be approxi-
mately 8 to 10 times the quantity of natural gas to achieve
stoichiometric combustion. In the case of combustion with

excess oxygen this must be even higher.
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As a result of this required air-gas ratio, the diameter of
the opening for the supply of the oxidation gas will have to
be larger than the diameter of the opening for the supply of
the first gas mixture, if the numbers of openings are equal.
This difference in diameter has an influence on the flow
pattern through the openings and under changing conditions
(pressure, temperature) the flow patterns will not change in
the same way, causing the air-gas ratio 1n the mixing
chamber to change. The above-mentioned effect can be
described with the Reynolds number. By adapting the diam-
eter of the opening for the oxidation gas to the diameter of
the opening for the first gas mixture, the invention ensures
that the Reynolds numbers of the two flows are equal and
that the obtained air-gas ratio in the mixing chamber remains
constant. The number of openings for the supply of the
oxidation gas must accordingly be made greater than the
number of openings for the supply of the first gas mixture.
The exact number of openings i1s determined by the required
air-gas ratio.

Preferably, use is made of one feed opening for the first
gas mixture and a number of feed openings for the oxidation
gas. When a more or less constant pressure is maintained in
the feed line of the first gas mixture, which in practice is
generally the case, the dimension of the opening can be
determined such that such a quantity of first mixture flows
through 1t as 1s adequate for the determination of the Wobbe
index using this method, without large quantities of gas
mixture having to be consumed.

Preferably the number of feed openings for the oxidation
gas 1s chosen such that the quantity of oxidation gas supplied
1s greater than necessary for stoichiometric combustion of
the second gas mixture.

In this way, the oxygen content in the flue gas measured
by the lambda probe can be used directly for the determi-
nation of the Wobbe index.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a perspective view of a feed system for supply-
ing gases to a mixing chamber, provided in accordance with
the principles of the present invention.

FIG. 2 1s a schematic view of a mixing chamber in
accordance with the invention in relation to a combustion
chamber and oxygen sensor of a Wobbe index meter.

DETAILED DESCRIPTION OF THE
| INVENTION

Other characteristics and advantages of the invention will
become evident from the following description, in which
reference is made to the attached schematic perspective
drawing showing the feed section for the different gases
flowing to a mixing chamber.

For a more detailed description of possible embodiments
of a Wobbe meter, the reader is referred to the above-
mentioned Dutch patent applications 8802336, 8901660 and
9000449.

The feed system described below can be used to supply
the gases to the mixing chamber used in these known Wobbe

meters.

The feed system as shown in the FIG. 1 comprises a
circular plate 1 which is provided with a number of holes 2
around its circumference. The plate 1 forms a part of the
mixing chamber and forms a cover for a cylindrical space §
formed by a wall 3 and a circular baseplate 4. In the circular
plate 4, a central opening 6 is provided which is connected
via a line 7 to a supply of oxidation gas such as air. Through
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the wall 4 passes a pipe 20 which extends up to the plate 1
and 1s connected via a valve 21 to line 7. An opening 22 has
been made in the plate 1 above the end of the pipe 20. On
the other side, a second pipe 25 passes in the same way
through the plate 4, which pipe is connected to a supply of
gas of which the Wobbe index must be determined. The pipe
235 is connected to the mixing chamber via an opening 26 in
the plate 1.

In the reproduced embodiment, the feed system for the
oxidation gas 1s therefore connected to the mixing chamber
via eight openings 2 and possibly also via opening 22
depending on the position of the valve 21, while the feed
system for the gas to be measured 1s connected to the mixing
chamber via opening 26.

The diameter of opening 26 is chosen such that at the
prevailing pressure ratios the gas flow rate is sufficient to
perform a stable measurement. A good value for the gas flow
rate 18 for example 60 liters per hour. The diameter of the
opening 26 and the thickness of the plate 1 are of the same
order of magnitude, so that none of the flow phenomena that
are typical of pipes occurs.

In order to eliminate or limit the influence of a change in
the flow patterns of the flows of first gas mixture and
oxidation gas on the obtained air-gas ratio it is necessary to
choose the diameter of the openings for the supply of

oxidation gas such that the Reynolds numbers for the two
flows are equal.

To this end, the following calculation can be performed,
in which
O=flow rate
v=velocity
Ap=pressure drop
p=density
d=diameter and
T=viscosity
the diameter of the gas opening 26 and the gas flow rate

are known. According to formulas (1) and (2) the
pressure drop across the gas opening follows from this.

(1)

D, ~Voqs" area of gas opening

AP, o= o™ V¢ gas

(2)

given the above-mentioned provisions with respect to the
pressures in the feed lines of first gas mixture and
oxidation gas, the pressure drop across the air openings
2 is also known now:

APair=APgm

vnirﬂﬁpafrﬂﬁpﬂir (3)

the Reynolds number is defined according to:

Re=pvd/ (4)

the ratio of the diameters of the openings for the supply
of first gas mixture and oxidation gas is obtained by
making the Reynolds numbers equal:

(5)

Peas Veas deas
Ngas

Pair Vair dﬂfr
= Regjr = —— )
Nair

REgm —_

or
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-continued
dgas _ Pair " Vﬂir % Tigas
dafr B Pgas Vgﬂs MNair

from this the diameter of the opening for the supply of the

oxidation gas can be calculated. If the diameter of the

opening 18 known, the flow rate through one opening 1s

also known and by reference to the total quantity of

oxidation gas required the required number of openings

for the supply of oxidation gas can then be determined.

(Since the viscosity and density of gas change with the

composition, average values must be entered in formu-

las 2 and 5 for the density and viscosity of the first gas
mixture).

The opening 22 has the same dimensions as the openings

2 and enables the Wobbe meter to be calibrated using only

one calibration gas instead of the customary two calibration

gases. “‘Calibration gas” here means a gas with known

Wobbe index.

The calibration method used is as follows. With valve 21
in the closed position, a calibration gas is supplied via line
25 and an oxidation gas via line 7. In this way, one point of
the calibration curve of oxygen content vs. Wobbe index is
fixed. This measurement is subsequently repeated with the
valve 21 in the open position. A situation is therefore
simulated 1n which a second calibration gas with a lower
Wobbe index 1s supplied to the meter.

Since the opening 22 is equal to the openings 2, it is
known how much extra oxidation gas is supplied to the
mixing chamber and the Wobbe index of the simulated
second calibration gas and the second point of the calibra-
tion curve can be determined. From this the calibration curve
of the Wobbe meter is known.

We claim:

1. A Wobbe index meter for use in determining the Wobbe
index of a first gas mixture, comprising

a combustion chamber,
a mixing chamber,

a feed system for supplying a first gas mixture and an
oxidation gas to the mixing chamber, said feed system
including:

means operatively coupled to the mixing chamber for

supplying the first gas mixture to the mixing chamber
via a first number of openings, and

means operatively coupled to the mixing chamber for
supplying an oxidation gas to the mixing chamber via
a second number of openings,

means for keeping a constant ratio between a quantity of
first gas mixture and a quantity of oxidation gas sup-
plied to the mixing chamber,

means for burning in said combustion chamber a second
gas mixture formed in the mixing chamber, and

means operatively coupled to the combustion chamber for
determining the oxygen content of a combustion gas
therein obtained after combustion,

wherein the ratio of the diameters of the openings for the
supply of the first gas mixture and the oxidation gas to
the mixing chamber are predetermined to ensure that
the Reynolds numbers of the first gas mixture and the
oxidation gas flowing through the openings are equal,
and wherein the number of openings is pre-determined
by the desired ratio of the flow rates of first gas mixture
and the oxidation gas whereby, the determined oxygen
content of the combustion gas can be used to directly
determine the Wobbe index of the first gas mixture.
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2. Device according to claim 1, wherein one feed opening 4. A device as in any one of claims 1-3 further comprising
is used for the first gas mixture and a number of feed are
used for the oxidation gas.

3. Device according to claim 2, wherein the number of
feed openings for the oxidation gas is greater than necessary 3
for stoichiometric combustion of the second gas mixture. ¥ oFk k%X

a value for shutting-off one of the feed openings for one of
the gas flows for which several feed openings are present.
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